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ORGANS, CELLS AND MOLECULES filed on Apr. 30,
2010 (now US Publication No. US-2010-0222631-A1): U.S.
application Ser. No. 12/819,956, titled “APPARATUS AND
METHOD FOR ELECTROMAGNETIC TREATMENT
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filed on Jun. 21, 2010 (now US Publication No. US-2011
01 12352-A1): U.S. application Ser. No. 1 1/114,666, titled
ELECTROMAGNETIC TREATMENT INDUCTION
APPARATUS AND METHOD FORUSING SAME filed

on Apr. 26, 2005 (now U.S. Pat. No. 7,740,574); U.S. appli
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cation Ser. No. 1 1/223,073, titled “INTEGRATED COIL
APPARATUS FOR THERAPEUTICALLY TREATING

HUMAN AND ANIMAL CELLS, TISSUES AND
ORGANS WITH ELECTROMAGNETIC FIELDS AND

40

METHOD FORUSING SAME filed on Sep. 10, 2005 (now
U.S. Pat. No. 7,758,490); U.S. application Ser. No. 12/082,
944, titled “ELECTROMAGNETIC FIELD TREATMENT

Over the past 40 years, it has been found that the applica
tion of weak non-thermal electromagnetic fields (“EMF) can
result in physiologically meaningful in Vivo and in vitro bio
effects. Time-varying electromagnetic fields, comprising
EMF, ranging from several Hertz to about 100 GHz, have
been found to be clinically beneficial when used as a therapy
for reducing pain levels for patients undergoing Surgical pro
cedures, promoting healing in patients with chronic wounds
or bone fractures, and reducing inflammation or edema in
injuries (e.g. sprains).
Presently several EMF devices constitute the standard
armamentarium of orthopaedic clinical practice for treatment

45

has been very high. The database for this indication is large
enough to enable its recommended use as a safe, non-Surgical,
non-invasive alternative to a first bone graft. Additional clini
cal indications for these technologies have been reported in

50

dinitis, osteoarthritis, wound repair, blood circulation and
pain from arthritis as well as other musculoskeletal injuries.

MENT OF TRAUMATIC BRAIN INJURY filed on Oct. 1,

double blind studies for treatment of avascular necrosis, ten

2010; U.S. Provisional Application No. 61/456,310, titled
METHOD AND APPARATUS FOR ELECTROMAG

BACKGROUND

of difficult to heal fractures. The success rate for these devices

APPARATUS AND METHOD FORUSING SAME filed

on Apr. 14, 2008 (now U.S. Pat. No. 7,896,797); U.S. Provi
sional Application No. 61/389,038, titled “PULSED ELEC
TROMAGNETIC FIELDS (PEMF) FOR THE TREAT

Described herein are electromagnetic treatment devices,
systems and methods pertaining generally to the therapeutic
treatment of subjects having a metal-containing implant, Such
as a prosthetic in the region of the tissue to be treated. In
particular, described herein are methods for calibrating elec
tromagnetic delivery devices so that the devices can provide a
therapeutic magnetic field in the presence of a metal-contain
ing implant, as well as calibrated electromagnetic treatment
devices adapted for use with, or near, metal-containing
implants. Also described are electromagnetic field (EMF)
devices and methods for post-operative treatment to promote
healing and repair of a Subject's operation site in proximity to
a metal-containing implant. An embodiment according to the
present invention pertains to use of non-thermal time-varying
EMF, adapted for use with metal-containing implants, and
configured to accelerate the asymmetrical kinetics of the
binding of intracellular ions to their respective buffers which
regulate the biochemical signaling pathways living systems
employ for growth, repair and maintenance. Further embodi
ments provide wearable treatment delivery devices having
structural Support member(s) designed to maintain the integ
rity of the delivered EMF.

NETIC TREATMENT OF HEAD, CEREBRAL AND NEU

In addition, cellular studies have addressed effects of weak

RAL INJURY IN ANIMALS AND HUMANS filed on Nov.

RAL INJURY IN ANIMALS AND HUMANS filed on Oct.

electromagnetic fields on both signal transduction pathways
and growth factor synthesis. It has been shown that EMF
stimulates secretion of growth factors after a short, trigger
like duration. Ion/ligand binding processes at intracellular

3, 2011; U.S. application Ser. No. 13/285,761, titled

buffers attached to the cell membrane are an initial EMF

4, 2010; U.S. application Ser. No. 13/252,114, titled
METHOD AND APPARATUS FOR ELECTROMAG

NETIC TREATMENT OF HEAD, CEREBRAL AND NEU
METHOD AND APPARATUS FOR ELECTROMAG
NETIC ENHANCEMENT OF BIOCHEMICAL SIGNAL
ING PATHWAYS FOR THERAPEUTICS AND PROPHY
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LAXIS IN PLANTS, ANIMALS AND HUMANS filed on
Oct. 31, 2011.
INCORPORATION BY REFERENCE
65

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the same

target pathway structure. The clinical relevance to treatments,
for example, of bone repair, is up-regulation Such as modu
lation, of growth factor production as part of normal molecu
lar regulation of bone repair. Cellular level studies have
shown effects on calcium ion transport, cell proliferation,
Insulin Growth Factor (“IGF-II) release, and IGF-II receptor
expression in osteoblasts. Effects on Insulin Growth Factor-I
(“IGF-I) and IGF-II have also been demonstrated in rat
fracture callus. Pulsed electromagnetic fields (“PEMF) have
also been shown to have an effect on transforming growth
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factor beta (“TGF-?3’) messenger RNA (mRNA') in a bone
induction model in a rat. Studies have also demonstrated
up-regulation of TGF-B mRNA by PEMF in human osteo
blast-like cell line designated MG-63, wherein there were
increases in TGF-31, collagen, and osteocalcin synthesis.
PEMF stimulated an increase in TGF-B1 in both hypertrophic
and atrophic cells from human non-union tissue.
Further studies demonstrated an increase in both TGF-B1
mRNA and protein in osteoblast cultures resulting from a
direct effect of EMF on a calcium/calmodulin-dependent
pathway. Cartilage cell studies have shown similar increases
in TGF-B1 mRNA and protein synthesis from EMF, demon
strating a therapeutic application to joint repair. U.S. Pat. No.
4,315,503 (1982) to Ryaby, U.S. Pat. No. 7,468,264 (2008) to
Brighton and U.S. Pat. Nos. 5,723,001 (1998) and 7,744,524
(2010) to Pilla typify the research conducted in this field.
Despite the promising developments in EMF treatment,
EMF therapies have been largely limited to treating patients
without metal-containing implants or prosthetics. This is pri
marily because the much higher conductivity of metals, com
pared to tissue and body fluids, can reduce the desired EMF
dosage for patient treatment, and/or alter the distribution,
uniformity or pattern of the applied EMF. For example, the
metal in joint implants may preferentially absorb or otherwise
alter the shape of an applied electromagnetic field, which
reduces the strength and range of the field. As such, beneficial
EMF treatments have not been provided to the majority of
patients undergoing procedures (such as knee or shoulder
replacement) where metal-containing implants or prosthetics

10

15

25

value of about 50 ohms at 27.120 MHz.

are used.

Accordingly, Some embodiments described herein address
the need for electromagnetic therapy devices (e.g., PEMF
devices) that are compatible with metal implants, and provide
methods for calibrating EMF delivery devices (e.g., “detun
ing') such that the EMF devices can provide appropriate
EMF treatment to a patient with a metal-containing implant
or prosthesis. Additionally, other embodiments described
provide EMF delivery devices and treatments to help promote
healing and recovery by delivering EMF treatment to a target
location in proximity to a metal-containing implant or pros
thetic. Furthermore, because patients recovering from Sur
gery often have reduced mobility, other embodiments
described provide for easy-to-wear and adjustable EMF
delivery devices. The described embodiments can be adjusted
to be worn or placed near a target treatment location Such as
an operation site while accommodating the patient's need for
flexibility and comfort.
Another challenge in maintaining the integrity of the elec
tromagnetic field delivered for treatmentarises from the EMF
device itself. In some cases, the EMF device's own compo
nents can lack the requisite durability and resilience to main
tain the shape and strength of the needed EMF. For example,
EMF delivery devices often employ ductile metal coils or
metal wires to deliver an electromagnetic field. Although
Such materials are advantageous for delivering electromag
netic fields, these materials also have the tendency to break
from stress fatigue than can result from repeated bending and
flexing, which may naturally occur from use. Moreover, once
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a coil or wire has been deformed or broken, its delivered EMF

may no longer have the strength, shape, or structure appro
priate for treatment. Therefore, some embodiments described
herein provide for EMF devices having support members to
maintain the integrity (e.g. structure, shape, resilience, or
strength) of a generated EMF.

60

Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device may include an applicator com
prising a loop applicator.
Other embodiments provide for an electromagnetic treat
ment device comprising a control circuit configured to gen
erate an electromagnetic signal; an applicator configured to
generate a calibrated electromagnetic field; a tuning circuit
connected to the applicator, wherein the tuning circuit is
configured to Substantially eliminate an inductive component
of reactance and a capacitance component of reactance of the
applicator when the applicator is positioned near a metal
implant.
Optionally, in any of the preceding embodiments, the tun
ing circuit may be coupled to the applicator and include a
resistor, an adjustable series capacitor, and an adjustable par
allel capacitor. The series capacitor and parallel capacitor
may be configured to adjust the reactance of the applicator
Such that the reactance of the applicator is Substantially
purely resistive.
Additional embodiments provide for an electromagnetic
treatment device comprising an electromagnetic treatment
device configured to provide an electromagnetic field to a
target treatment location containing a metal-containing
implant or prosthesis, the electromagnetic treatment device
having an applicator and an adjustable circuit configured to
correct electromagnetic interference caused by the metal con
taining implant or prosthesis by reducing or eliminating an
inductive component and a capacitance component of the
applicator's reactance when the applicator is in proximity to
the metal-containing prosthesis.
Optionally, in any of the preceding embodiments, the cir
cuit of the treatment device can include an adjustable series
capacitance and an adjustable parallel capacitance connected
to the applicator. Further embodiments provide that the reac
tance of the applicator's reactance Substantially purely resis
tive.

SUMMARY OF THE DISCLOSURE
65

The present invention relates to electromagnetic field treat
ment devices that are configured or adapted for the applica

4
tion of therapeutic electromagnetic signals (including PEMF)
to treat a patient having a metal-containing implant or pros
thesis. Included in this description are methods and devices
calibrated to accommodate for interference that may occur
when treatment is delivered in proximity to a metal-contain
ing implant or prosthesis.
Some embodiments described provide an electromagnetic
treatment device for treating living tissue, wherein the device
is compatible with a metal-containing implant or prosthesis
and includes a control circuit configured to generate an elec
tromagnetic signal and an applicator configured to deliver a
calibrated magnetic field, the applicator calibrated to have
Substantially no inductive reactance and Substantially no
capacitive reactance when delivering the magnetic field in
proximity to the metal prosthesis.
Optionally, in any of the preceding embodiments, the con
trol circuit may be configured to provide an electromagnetic
signal to the applicator to induce an electric field of peak
amplitude between about 1 V/m and about 100 V/m in the
target tissue and a peak induced magnetic field between about
1 uT and about 0.1 T, wherein the signal generated by the
control circuit comprises a burst of waveforms having a burst
duration of greater than 50 usec and a burst repetition rate of
about 0.01 to about 1000 bursts per second.
Additionally, in any of the preceding embodiments, the
electromagnetic treatment device may further include a tun
ing circuit. The tuning circuit may also have an impedance

Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment includes a stiffening member config
ured to maintain the shape of the applicator.
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Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device has an applicator loop compris
ing a flexible metal coil.
Another aspect of the invention provides for a method of
calibrating an electromagnetic treatment device so that it may
be used to treat tissue adjacent to a metal-containing prosthe
sis. Some embodiments provide that this method includes
placing an applicator of the electromagnetic treatment device
around or adjacent to a metal material; generating a magnetic
field with the applicator; and adjusting a tuning circuit con
nected to the applicator to Substantially eliminate any induc
tive component and any capacitance component of the appli
cator when the applicator is near the metal material.
Optionally, in any of the preceding embodiments, the
method may include adjusting a series capacitance and a
parallel capacitance to Substantially eliminate the inductive
and capacitance components of a reactance of the applicator.
In some variations, adjusting the tuning circuit further results
in a Substantially purely resistive applicator.
Another aspect of the invention provides for methods of
treating patients having a metal-containing implant or pros
thesis. Some embodiments provide a method comprising
placing a calibrated applicator of an electromagnetic treat
ment device in proximity to tissue including a metal-contain
ing implant or prosthesis; and delivering an electromagnetic
field from the calibrated applicator, wherein the calibrated
applicator has a reactance that is Substantially purely resistive
in the presence of the metal-containing implant or prosthesis.
Optionally, in any of the preceding embodiments, the
method may include applying the electromagnetic field to the
tissue including a metal-containing prosthesis within 90 days
of an implant procedure.
Optionally, in any of the preceding embodiments, the
method may also include delivering an electromagnetic field
where the electromagnetic field comprises generating at least
one burst of sinusoidal, rectangular, chaotic, or random wave
forms, having a frequency content in a range of about 0.01 HZ
to about 10,000 MHz, having a burst duration from about 0.1
to about 100 msec, inducing a peak amplitude of 0.001 G to
about 100 G, and having a burst repetition rate from about
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made of a molded foam material.

In further embodiments, the stiffening member comprises
a EVA and polyolefin foam with a durometer of 70 asker C.
15
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and 40 minutes off.

In further variations, the electromagnetic field is applied
for five minutes every twenty minutes.
In other variations, the electromagnetic field is applied for
fifteen minutes every hour and forty-five minutes.
In other variations, the electromagnetic field is applied for
about 5 minutes to about 30 minutes, repeating at a duty cycle
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Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device further comprises a set of elec
trical connections configured to electrically and physically
connect the EMF applicator assembly with the replaceable
power Supply.
Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device has a replaceable battery pack.
In some variations the device includes a battery that is
rechargeable. For example, in some variations the device
includes a battery pack with an activating pull tab. The acti
vating pull tab may minimize the possibility of depleted bat
teries during storage. In some variations the device includes a
memory chip which may store battery data, and an ID which
identifies the battery pack. The system or device may require
a match between the device and the battery pack. The memory
chip may also allow storage of one or more treatment regi
mens and may be programmed for a maximum limit of the
number of treatments per pack. Thus, in Some variations, the
device may include electrical contacts which interface the
power and memory chip to the main electronics.
Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device includes a display Screen and
an audio user interface. Other embodiments provide a display
screen configured to display the time remaining for a treat
ment period where the treatment period can be a period where
the EMF delivery device is active or inactive. Additionally,
the display Screen may be configured to display remaining
power Supply.
Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device has an EMF applicator assem
bly with a pre-programed treatment regimen and/or a manual
treatment program.

50
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of about 1% to about 25%.

Another aspect of the invention provides for wearable
EMF treatment devices. Some embodiments provide an elec
tromagnetic treatment device comprising: a wearable EMF
applicator assembly, the assembly comprising a control cir
cuit configured to generate an electromagnetic signal and an
applicator configured to deliver an electromagnetic field, the
applicator comprising an applicator loop, wherein the loop is
a flexible metal wire having a diameter of between about 4
and about 11 inches; a stiffening member coupled to the EMF
applicator assembly and configured to resiliently maintain the

density of 400 kg/m, tensile strength of 38 Kg/cm, tear
strength of 22 kg/cm, and elongation of 250%.

user interface buttons. In some variations, the device includes
40

0.01 to about 100 bursts/second.

In some variations, the electromagnetic field comprises a
ISM carrier frequency modulated at about a 1 msec to about
a 10 msec burst repeating at about 1 Hz to about 10 Hz,
inducing a peak amplitude of 0.001 G to about 0.1 G.
In other variations, the electromagnetic field is applied to
the tissue for twenty minutes every four hours. In some varia
tions, the filed is applied for 20 minutes on between 3 hours

6
shape of the loop; and a replaceable power Supply configured
to releasably connect to the EMF applicator assembly.
Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device can include at least one adjust
able and detachable strap attached to a strap attaching ele
ment disposed on the stiffening member.
Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device can have a flexible metal wire
that is in the shape of a bent oval.
Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device may have a stiffening member

60

Optionally, in any of the preceding embodiments, the elec
tromagnetic treatment device can include a memory storage
component configured to store treatment data.
In some variations, the electromagnetic treatment device is
disposable.
In other variations, the electromagnetic treatment device
and applicator are configured to deliver an electromagnetic
field to an area near a metal knee implant.
In other variations, the electromagnetic treatment device
and applicator are configured to deliver an electromagnetic
field to an area near a shoulder implant.
BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a schematic representation of the biological EMF
transduction pathway which is a representative target path
way of EMF signals configured according to embodiments
described.
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FIG. 30 illustrates an electromagnetic treatment device
with adjustable straps worn around a shoulder.
FIG. 31 illustrates an electromagnetic treatment device

7
FIG. 2 illustrates a device for application of electromag
netic signals according to embodiments of the devices and
methods described herein.

FIG. 3 illustrates a test jig used to test the electromagnetic
field generated in the presence of metal-containing knee
implants.
FIG. 4 illustrates the percentage change in the electromag
netic field generated at the highest point of a BioMet knee
implant.
FIG. 5 illustrates the percentage change in the electromag
netic field generated at half-an-inch above the highest point of
the BioMet knee implant.
FIG. 6 illustrates the percentage change in the electromag
netic field generated at the highest point of a DePuy knee
implant.
FIG. 7 illustrates the percentage change in the electromag
netic field generated at half-an-inch above the highest point of
the DePuy knee implant.
FIG. 8 illustrates schematically a control circuit and an
applicator according to Some embodiments described herein.
FIG. 9 illustrates schematically a control circuit, an appli
cator, and a RLC Tank according to some embodiments

with a user interface.

FIG.32 is a table showing the results of the measurements
for the baseline, BioMet knee implant, and DePuy knee
implants.
DETAILED DESCRIPTION
10

Specific details are set forth in the following description
and figures to provide an understanding of various embodi
ments of the invention. Certain well-known details, associ
ated electronics and devices which are not set forth in the
15

described herein.

FIG. 10 illustrates schematically an electromagnetic treat
ment device near a metal-containing prosthetic.
FIG.11 illustrates the capacitive and inductive components
of an applicator's reactance according to Some embodiments

25

described.

FIG. 12 illustrates an example of a calibrated applicator
according to some embodiments.
FIG.13 illustrates atop view of a completed assembly of an
electromagnetic treatment device described herein
FIG. 14 illustrates a bottom view of a completed assembly
of an electromagnetic treatment device described.
FIG. 15 shows a support or stiffening member of an elec
tromagnetic treatment device.
FIG. 16 illustrates a housing top of an electromagnetic

30

may be configured to drive calcium (“Ca") binding to calm

35

By way of background, basal levels of intracellular Ca"
40

simple as changes intemperature and mechanical forces, or as
complex as mechanical disruption of tissue, rapidly activate
CaM, which equally rapidly activates the cMOS enzymes,

45

tive at basal intracellular levels of Ca", however, their activ
50

the physiological range. In contrast, a third, inducible isoform
of NOS (“iNOS), which is up-regulated during inflamma
tion by macrophages and/or neutrophils, contains CaM that is

tightly bound, even at low resting levels of cytosolic Ca", and
55

is not sensitive to intracellular Ca".

60

Once cMOS is activated by CaM it converts its substrate,
L-arginine, to citrulline, releasing one molecule of NO. As a
gaseous free radical with a half-life of about 5 sec, NO dif
fuses locally through membranes and organelles and acts on
molecular targets at a distance up to about 200 Lum. The low
transient concentrations of NO from cMOS can activate

treatment device.
FIG. 28 illustrates a bottom cover attached to an electro

magnetic delivery device.
FIG. 29 illustrates an electromagnetic treatment device
with adjustable straps worn around a knee.

ity increases with elevated Ca", reaching half-maximal
lated by changes in intracellular Ca" concentrations within

activity at about 300 nM. Thus, nNOS and eNOS are regu

treatment device.

FIGS. 23A and 23B illustrate the attachment of the housing
bottom to the stiffening member and housing top.
FIG. 24 shows the partially assembled electromagnetic
treatment device with stiffening member, housing top, EMF
applicator assembly, and housing bottom attached.
FIG. 25 illustrates an exploded view of a replaceable bat
tery pack.
FIG. 26 shows an assembled battery pack.
FIG. 27 illustrates a bottom cover for an electromagnetic

i.e., endothelial and neuronal NOS, or eNOS and nNOS,

respectively. Studies have shown that both isoforms are inac

FIGS. 21A and 21B illustrate a side view of the attachment

of the EMF applicator assembly to the stiffening member and
housing top.
FIG.22 illustrates a housing bottom of an electromagnetic

are typically 50-100 nM, tightly maintained by a number of
physiological calcium buffers. It is generally accepted that

transient elevations in cytosolic Ca" from external stimulias

FIGS. 19A and 19B illustrate a side view of the attachment

of the housing top to the stiffening member.
FIGS. 20A and 20B illustrate the placement and attach
ment of the EMF applicator assembly to the stiffening mem
ber and housing top.

odulin (“CaM). The specific magnetic fields applied by the
PEMF devices may be chosen and calibrated for this purpose
and to compensate for when a metal or other potentially
interfering material or structure alters or dampens the applied
field, making it unlikely that the indended therapeutic effect
can be achieved.

treatment device.

FIG. 17 illustrates the attachment of the housing top to the
stiffening member of an electromagnetic treatment device.
FIG. 18 illustrates the housing top attached to the stiffening
member of an electromagnetic treatment device.

following disclosure are omitted only to avoid unnecessarily
obscuring the various embodiments of the invention; those of
ordinary skill in the relevant art will understand that they can
practice other embodiments of the invention without one or
more of the details described below. While various processes
are described with reference to steps and sequences in the
following disclosure, the description is for providing a clear
implementation of particular embodiments of the invention,
and the steps and sequences of steps should not be taken as
required to practice this invention. As described in detail in
many of the patent applications previously incorporated by
referenced in their entirety, an electromagnetic treatment
device (including PEMF devices) may be configured to
modulate one or more cellular processes, including driving
reactions at cell membranes or within cells. For example,
PEMF devices such as those incorporated by reference above
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soluble guanylyl cyclase (“sGC), which catalyzes the syn
thesis of cyclic guanosine monophosphate (“cGMP). The
CaM/NO/cGMP signaling pathway is a rapid response cas
cade which can modulate peripheral and cardiac blood flow in
response to normal physiologic demands, as well as to
inflammation. This same pathway also modulates the release
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of cytokines, such as interleukin-1beta (“IL-1B) and growth
factors such as basic fibroblast growth factor (“FGF-2) and
vascular endothelial growth factor (“VEGF) which have
pleiotropic effects on cells involved in tissue repair and main

10

constant for unbinding, k, imparting rectifier-like properties
to ion-buffer binding, such as Ca" binding to CaM.
For example, EMF can accelerate the kinetics of Ca"
binding to CaM, the first step of a well characterized cascade
that responds to chemical or physical insults. Ca/CaM bind
ing is kinetically asymmetrical, i.e., the rate of binding
exceeds the rate of dissociation by several orders of magni

tenance.

Following an injury, e.g., a bone fracture, torn rotator cuff,
sprain, strain or Surgical incision, repair commences with an
inflammatory stage during which the pro-inflammatory
cytokine IL-1B is rapidly released. This, in turn, up-regulates
iNOS, resulting in the production of large amounts of NO in
the wound bed. Continued exposure to NO leads to the induc
tion of cyclooxygenase-2 and increased synthesis of prostag
landins which also play a role in the inflammatory phase.
While this process is a natural component of healing, when
protracted, it can lead to increased pain and delayed or abnor
mal healing. In contrast, CaM/eNOS/NO signaling has been
shown to attenuate levels of IL-1B and down-regulate iNOS.
As tissue further responds to injury, the CaM/NO/cGMP cas
cade is activated in endothelial cells to stimulate angiogen
esis, without which new tissue growth cannot be Sustained.

10

15

Evidence that non-thermal EMF can modulate this cascade is

provided by several studies. An early study showed that the
original BGS signal promoted the creation of tubular, vessel
like, structures from endothelial cells in culture in the pres
ence of growth factors. Another study using the same BGS
signal confirmed a seven-fold increase in endothelial cell
tubularization in vitro. Quantification of angiogenic proteins
demonstrated a five-fold increase in FGF-2. Suggesting that
the same BGS signal stimulates angiogenesis by increasing
FGF-2 production. This same study also reported increased
vascular in-growth more than two-fold when applied to an
implanted Matrigel plug in mice, with a concomitant increase
in FGF-2, similar to that observed in vitro. The BGS signal
significantly increased neovascularization and wound repair
in normal mice, and particularly in diabetic mice, through an
endogenous increase in FGF-2, which could be eliminated by
using a FGF-2 inhibitor.
Similarly, a pulse modulated radio frequency (“PRF) sig
nal of the type used clinically for wound repair was reported
to significantly accelerate vascular sprouting from an arterial
loop transferred from the hindlimb to the groin in a rat model.
This study was extended to examine free flap survival on the
newly produced vascular bed. Results showed 95% survival
of PRF-treated flaps compared to 11% survival in the sham
treated flaps, suggesting a significant clinical application for
PRF signals in reconstructive Surgery.
In some embodiments, the proposed EMF transduction
pathway relevant to tissue maintenance, repair and regenera

tion, begins with voltage-dependent Cat binding to CaM,
which is favored when cytosolic Ca" homeostasis is dis

rupted by chemical and/or physical insults at the cellular
level. Ca/CaM binding produces activated CaM that binds to,
and activates, cnOS, which catalyzes the synthesis of the
signaling molecule NO from L-arginine. This pathway is
shown in its simplest schematic form in FIG. 1.
As shown in FIG. 1, cnOS represents activated constitu
tive nitric oxide synthase (cNOS), which catalyzes the pro
duction of NO from L-arginine. The term “sGC*” refers to
activated guanylyl cyclase which catalyzes cGMP formation
when NO signaling modulates the tissue repair pathway.
AC refers to activated adenylyl cyclase, which catalyzes
cyclic adenosine monophosphate (cAMP) when NO sig
naling modulates differentiation and Survival. According to
Some embodiments, an EMF signal can be configured to
accelerate cytosolic ion binding to a cytosolic buffer, Such as

Ca" binding to CaM, because the rate constant for binding,

k, is Voltage-dependent and k is much greater than the rate
O
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tude (k->k), driving the reaction in the forward direction.
Ca/CaM binding has been well characterized, with the bind
ing time constant reported to be in the range of 10°-10 sec.
In contrast, release of Ca" from CaM cannot occur until
cNOS* has converted L-arginine to citrulline and NO, which
takes the better part of a second. Subsequent reactions involv
ing NO depend upon the cell/tissue state. For example, tissue
repair requires a temporal sequence of inflammatory, anti
inflammatory, angiogenic and proliferative components.
Endothelial cells orchestrate the production of FGF-2 and
VEGF for angiogenesis. For each of these phases, early NO
production by endothelial cells, leading to increased coiMP
by these, as well as other NO targets, such as vascular Smooth
muscle, would be expected to be modulated by an EMF effect
on sGC via CafCaM binding. In contrast, nerve or bone regen
eration may require other pathways leading to differentiation
during development and growth, and prevention of apoptosis,
as in response to injury or neurodegenerative diseases. For
these cases, early cAMP formation would be modulated by an
EMF effect on SAC via Ca/CaM binding.
The substantial asymmetry of Ca/CaM binding kinetics
provides a unique opportunity to configure EMF signals that

selectively modulate k. In general, if k>k, and k, is

Voltage-dependent, according to the present invention, ion
binding could be increased with an exogenous electric field
signal having a carrier period or pulse duration that is signifi
cantly shorter than the mean lifetime of the bound ion. This
applies to the CaM signaling pathway, causing it to exhibit
rectifier-like properties, i.e., to yield a net increase in the

population ofbound Ca" because the forward (binding) reac
Ca" at CaM is equal to the net increase in the number of ions

tion is favored. The change in Surface concentration, AT, of
40

45

that exit the outer Helmholtz plane, penetrate the water dipole
layer at the aqueous interface of the binding site, and become
bound in the inner Helmoltz plane. For the general case of ion
binding, evaluation of Ca/CaM binding impedance, ZA(s),
allows calculation of the efficacy of any given waveform in
that pathway by evaluating the frequency range over which
the forward binding reaction can be accelerated. Thus, bind
ing current, IA(t), is proportional to the change in Surface
charge (bound ion concentration) via da(t)/dt, or, in the fre
quency domain, via SqA(s). IA(s) is, thus, given by:

50

where s is the real-valued frequency variable of the Laplace
transform. Taking the first term of the Taylor expansion of
equation 1 gives:
55

L(S)=qSTAT(s)

(2)

where q-e/&T, a coefficient representing the dependence

60

of Surface charge on bound ion concentration. AT(s) is a
function of the applied Voltage waveform, E(s), and, referring
to the reaction scheme in FIG. 1, of the change in concentra
tion of eNOS*, defined as Ad(s):
as

65

(3)

where F is the initial surface concentration of Ca" (homeo
Stasis), and a GT/CE, representing the Voltage dependence of
Ca" binding. Referring to the reaction scheme in FIG. 1, it
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may also be seen that eNOS* depends only upon Cabind
ing, i.e., AT(s). Thus:
Add(s)=vyds-Add(s)-AT(s)

(4)

where vid is the rate constant for Ca/CaM binding to eNOS
and d is the initial concentration of eNOS* (homeostasis).

5

Using equations 2,3 and 4, and for k->v ZA(s) may be

written:

12
about 100V/m, then coupling the configured waveform using
a generating device Such as ultra lightweight wire coils that
are powered by a waveform configuration device Such as
miniaturized electronic circuitry which is programmed to
apply the waveformat fixed or variable intervals, for example
1 minute every 10 minutes, 10 minutes every hour, or any
other regimen found to be beneficial for a prescribed treat
ment.

10

E(s) ara1 te
TS

(5)

Equation 5 describes the overall frequency response of the
first binding step in a multistep ion binding process at an
electrified interface, wherein the second step requires that the
bound ion remain bound for a period of time significantly
longer than the initial binding step. For this case, the first ion
binding step is represented by an equivalent electrical imped
ance which is functionally equivalent to that of a series R-C
electric circuit, embedded in the overall dielectric properties
of the target. R is inversely proportional to the binding rate
constant (k), and C is directly proportional to bound ion

15

ematical models or results of such models that describe the

25
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state. The result is an increase in the rate of biochemical

signaling in plant, animal and human repair, growth and
maintenance pathways which results in the acceleration of the
normal physiological response to chemical or physical
stimuli. The following equation demonstrates the relation
between the configured electromagnetic waveform, E(s) and
E,(s).

35
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Some embodiments also provide that a time-varying elec
tromagnetic field for which pulse duration or carrier period is

less than about half of the bound ion lifetime of Cabinding

to CaM will maximize the current flow into the Ca/CaM
50

55

the tissue Surrounding the metal.
As an example of how metal-containing implants can inter
fere with electromagnetic field treatments, FIGS. 3-7 illus
trate tests performed on two separate metal knee implants
commonly used for knee replacement procedures. FIG. 3
shows a test jig 3000 constructed to mount an eight-inch EMF
applicator 3002 from fixed distances above a metal implant
3004. The EMF applicator 3002 was fixed to a flat piece of
plexi-glass. The interior of the applicator 3002 was marked in
polar coordinates with concentric rings every one inch from
the center marked every 45 degrees. A first set of baseline
measurements with no implant present were measured at
points on the interior (area on and within the circumference of
the EMF applicator 3002). Measurements were then obtained
at the same points in the interior of the applicator 3002 with
each of the implants. A first set of measurements were taken
with the coil in line with the highest point on an implant and
a second set of measurements were taken at a half-an-inch

above the highest point of the implant. The table shown in
FIG. 32 shows the results of the measurements for the base
60

which accelerates the kinetics of Ca"binding by maximizing

non-thermal E,(s) at its CaM binding sites, consisting of a
1-10 msec pulse burst of 27.12 MHZ radio frequency sinu
soidal waves, repeating between about 1 and about 5 bursts/
sec and inducing a peak electric field between about 1 and

dielectric properties of the kinetics of ion binding in bio
chemical pathways. For some embodiments, control circuit
2001 applies mathematical models or results of such models
that modulate the internal regimens of the biochemical cas
cades involved in tissue repair and growth.
While devices such as those shown in FIG. 2, are generally
used to provide post-operative treatment to promote healing,
pain relief, etc.. Such devices have not been used for treatment
of patients having metal implants or prosthetics. EMF devices
generally are not approved by regulatory bodies for treatment
of patients having metal implants because metal in the pres
ence of an electromagnetic field can distort and interfere with
the integrity, structure, behavior, and strength of the field. For
example, a distorted field may not have the requisite strength
or shape to target a treatment pathway (e.g. Ca/CaM). Or, a
metal implant may absorb the electromagnetic field and gen
erate unwanted heat in the treatment area and cause harm to

(6)

binding pathway to accelerate the CaM-dependent signaling
which plants, animals and humans utilize for tissue growth,
repair and maintenance. In particular, a time-varying electro
magnetic field may be configured to modulate CaM-depen
dent NO/cGMP signaling which accelerates; pain and edema
relief, angiogenesis, hard and Soft tissue repair, repair of
ischemic tissue, prevention and repair of neurodegenerative
diseases, nerve repair and regeneration, skeletal and cardiac
muscle repair and regeneration, relief of muscle pain, relief of
nerve pain, relief of angina, relief of degenerative joint dis
ease pain, healing of degenerative joint disease, immunologi
cal response to disease, including cancer.
Other embodiments provide for an electromagnetic signal

embodiments, the control circuit 2001 is constructed in a

manner that given a target pathway within a target tissue, it is
possible to choose waveform parameters that satisfy a fre
quency response of the target pathway within the target tissue.
For some embodiments, control circuit 2001 applies math

concentration.

Some embodiments provide that an electromagnetic field,
for which pulse duration or carrier period is less than about
half of the bound ion lifetime can be configured to maximize
current flow into the capacitance CA, which will increase the
Voltage, E,(s), where S is the LaPlace frequency, across CA.
E,(s) is a measure of the increase in the Surface concentration
of the binding ion in the binding sites of the buffer, above that
which occurs naturally in response to a given physiological

As an example of an EMF generating device, FIG. 2 illus
trates a delivery apparatus with a control circuit or signal
generator 2001 connected to an applicator 2002 such as an
electrical coil 2002. The control circuit 2001 generates an
electromagnetic signal that is sent through the applicator
2002 and delivered as an electromagnetic field. In some

65

line, BioMet knee implant, and DePuy knee implant.
The results (shown in FIG. 32) indicate that for both the
BioMet and DePuy knee implants, the metal implants inter
fered with the structure of the electromagnetic field. For
example, the strength of the EMF at Zero degrees and Zero
inches above the highest point of the BioMet knee implant
showed a 15.7% reduction in strength. Similarly, at the same
location, the DePuy knee implant reduced the EMF by 19.1%.
In some cases, the interference reduced EMF strength by over
50%.

US 8,343,027 B1
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FIGS. 4 and 5 illustrate the EMF applicator 3002 posi
tioned around the BioMet knee implant in the test jig. The
measured percentage change in the EMF field compared to
baseline measurements are shown at the measured heights
and degrees around the implant within the interior of the
applicator 3002. FIG. 4 shows the percentage change in the
EMF field with the applicator coil in line with the highest
point on the implant. FIG. 5 shoes the percentage change in
the EMF field with the applicator coil half-an-inch above the
highest point of the implant. FIGS. 6 and 7 illustrate the same
for the DePuy knee implant. Generally, for all measurements,
the greatest percentage change in EMF field strength
occurred in close proximity to the metal implant. For
example, in FIG. 6, the greatest percentage changes (42.5%,
53.4%, 43.6%, 45.7%, and 19.1%) are clustered near the
center of the interior around the DePuy implant. On the other
hand, the lower percentage changes to the EMF are located
further out from the implants.
These comparative tests show that in order to provide EMF
treatment to target locations near metal-containing prosthet
ics or implants, EMF delivery devices must be calibrated to
account for the effects of metal on the generated field. To
address this need, embodiments described herein provide

10

>92%, >95%, >93%, >94%, >95%, >96%, >97%, >98%,

>99%, or more, up to all (100%). “Substantially no” may
15

In further variations, the electrical coil is a circular wire

25

30

metal in the treatment location. In further embodiments, the

calibrated device can effectively provide therapeutic EMF in
either the presence or absence of metal. For example, the
calibrated device may have substantially no inductive or
capacitive reactance when operated near a metal prosthetic
but have some inductive or capacitive reactance when oper
ated otherwise; however, under both situations, the device is

35

calibrated to deliver EMF for therapeutic treatment.
As shown in FIG. 10, to calibrate the electromagnetic
treatment device 1000, the treatment device 1000 is placed in
proximity to, near, around, or adjacent a metal-containing
material. The control circuit 1020 is activated to transmit an

40
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applicator with a diameter that allows encircling of a target
location Such as a Subject’s knee or shoulder. In some
embodiments, the diameter is between approximately 6-8

electromagnetic signal to the applicator 1002. The applicator
1002 generates an electromagnetic field. While the device
1000 is active, the reactance of the device 1000 will generally
comprise either or both inductive and capacitance compo
nents while in proximity to the metal. It is believed that having
eitheran inductive or capacitance reactance contributes to the
interference of the electromagnetic field by the metal. For
example, the inductance of the applicator 1002 is generally a
function of the magnetic permeability and the physical geom
etry of the applicator loop. Because metals tend to have a
higher permeability, metals in implants will effectively
increase the inductance of the applicator loop. This increase
in inductance alters the electromagnetic field that would nor
mally be generated by the applicator in the absence of metal.
To account for this interference, device 1000 can be

inches. In other embodiments, the diameter is between 2-20

inches. In general, the size of the coil may be fixed or adjust
able and the circuit control/signal generator may be matched
to the material and the size of the applicator to provide the
desired treatment. Additionally, in Some variations, as shown
in FIG. 9, the parallel capacitor 1006, resistor 1008, and
applicator 1002 of the device 1000 may be referred to collec
tively as the “RLC Tank” or “Tank”.
In operation, the treatment device 1000 can be calibrated
for use near a metal-containing implant or prosthesis. In some
variations, the calibration process calibrates the device. As
used herein, the term "calibrate' or “calibrating may include
calibrating a device, component(s) of a device (e.g. applica
tor), or the electromagnetic field generated from a device Such

refer to <15%, <10%, <9%, <8%, less than 7%, less than 6%,
less than 5%, less than 4%, less than 3%, less than 2%, less

than 1%, less than 0.1%, etc., up to 0%.
A calibrated device as described herein may have substan
tially no inductive and capacitive reactance when operated in
proximity to metal but have either or both components when
not operated in the presence of metal. In other words, the
calibrated device may have different reactance when operated
near metal versus when operated outside the presence of
metal. Alternatively, the device may be calibrated to have no
inductive or capacitance reactance regardless of proximity to

devices and methods calibrated for such use.

FIG. 8 schematically illustrates an EMF delivery device
that can be calibrated for EMF treatment near a metal pros
thetic. In some embodiments, the electromagnetic device
1000 of FIG. 8 has a control circuit 1020 and an applicator
1002 configured to provide a calibrated EMF field to a target
treatment location. The control circuit 1020 is configured to
generate an electromagnetic signal, which in some variations
induces a pulsed electromagnetic field in the radiofrequency
range (“RF) 1010. The control circuit 1020 can include,
among other things, a resistor 1008, a parallel capacitor 1006,
a series capacitor 1004, and other circuitry components. The
electromagnetic signal generated by the control circuit is sent
through the applicator 1002, which is configured to transmit
and generate an electromagnetic field. In some cases, the
control circuit is configured to provide an electromagnetic
signal to the applicator to induce an electric field of peak
amplitude between about 1 uV/m and about 100 V/m in the
target tissue and a peak induced magnetic field between about
1 uT and about 0.1 T, wherein the signal generated by the
control circuit comprises a burst of waveforms having a burst
duration of greater than 65 usec and a burst repetition rate of
about 0.01 to about 1000 bursts per second.
The applicator 1002 may be a loop with a generally circular
shape such as an oval, bent oval, or circle. The applicator 1002
may be made from a flexible metal wire loop or a metal coil.

14
that it has substantially no inductive reactance and Substan
tially no capacitance reactance when operated in the presence
of metal. Although a calibrated device may be configured to
completely eliminate or reduce the inductive and capacitance
component of reactance when operated in proximity to metal,
generally a range of inductive and capacitive reactance can be
present without significantly affecting the EMF output. A
calibrated device may have a substantially purely resistive
reactance. However, Substantially purely resistive reactance
also does not require a completely resistive reactance. For
example, “substantially” may refer to >85%, >90%, >91%,

55
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adjusted to balance any inductive or capacitive components of
the reactance that may arise. Specifically, in Some embodi
ments, the series capacitor 1004 and parallel capacitor 1006
can be adjusted to Substantially reduce or eliminate inductive
or capacitive components. FIGS. 11 and 12 provide an
example of calibrating a device 1000 having an inductive
reactance in the presence of metal. As shown in FIG. 11, I
represents the resistive axis dividing the region between

capacitive and inductive reactance. I represents the value of

the capacitance reactance. I represents the value of the
inductive reactance. It represents the reactance of the RLC
Tank 1001 of the device 1000. As shown, the device 1000 has
65

a slightly inductive reactance. The It is below the purely
resistive axis in the inductive I region. To correct this, the
series capacitance is adjusted to balance out the inductive
reactance. FIG. 12 illustrates that the series capacitor is
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adjusted to offset the inductance of the Tank and yield a
reactance for the applicator along the resistive axis. The
resulting reactance is Substantially purely resistive.
Although the example in FIGS. 11 and 12 illustrate the
calibrating or calibrating of an inductive device, the method
of calibrating can be applied to a device having only a capaci
tance reactance (i.e. no inductive component) or to one with a
combination of inductive and capacitance components.
Moreover, in Some embodiments, it is advantageous to cali
brate the electromagnetic treatment device by utilizing a ref
erence metal implant that is located relative to the applicator
loop as an implant would be located for actual treatment.
However, alternatively, any reference metal material and any
location may be used for the calibrating process such that the
calibration substantially reduces or eliminates the inductive
and capacitive reactance.
Additionally, in Some variations, the treatment devices
may be pre-calibrated with a reference metal prior to treat
ment. For example, the treatment devices may be pre-cali
brated for use with a specific metal implant such as the
BioMet knee implant prior to treating a patient having a
BioMet knee implant. In other variations, the device may be
calibrated using the patients own metal implant for the cali
brating process prior to administering treatment. In further
embodiments, the treatment devices may be calibrated or
calibrated for a first metal implant and then subsequently
calibrated for another metal implant.
Additionally, the EMF delivery devices provided can also
include a tuning circuit to calibrate the applicator of the EMF
delivery devices. The tuning circuit may be connected to the
applicator and include a series capacitor and a parallel capaci
tor. Additionally, the tuning circuit may be configured to
Substantially eliminate or reduce any inductive or capacitance
component of the applicator when the applicator generates an
electromagnetic field near, around, adjacent, or in proximity
to metal material. In calibrating the EMF delivery device, the
tuning circuit may also substantially eliminate the inductive
and capacitance components such that the applicator is pri
marily resistive. In some variations, the tuning circuit
changes the reactance of the applicator by adjusting either or
both the series capacitor and the parallel capacitor. In some
variations the tuning circuit has an impedance value of about

16
electromagnetic treatment device in proximity to the tissue
around the metal-containing prosthesis. Once in place, the
delivery device can generate an electromagnetic field from
the calibrated applicator Such that the metal-containing pros
5

thesis.
10

15
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30
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Advantageously, in some variations, the calibrating pro
45

metal prosthetic without changing the power Supply require
ments of the device. For example, if 6-volts are required to run
an EMF device for a treatment regimen outside the presence
of metal, the calibration processes described herein can cali
brate the device to provide the same treatment in the presence
of metal without changing the 6-volt power requirement of
the device. This allows, in some cases, the Subject to use the
same device for treating locations with and without metal
prosthetics without having to change the power input of the

50

reasons discussed above. However, some embodiments

herein deliver EMF treatment near, adjacent, or in proximity
to the metal implant by placing a calibrated applicator of an

induced time-varying electric fields (e.g. PEMF) configured to
affect the treatment location by targeting specific cellular/
molecular pathways in the target tissues allowing these tis
Sues to react in a physiologically meaningful manner. For
example, a waveform may be configured within a prescribed
set of parameters so that a particular pathway, Such as CaM
dependent NO synthesis within the neurological tissue target,
is modulated specifically. Both the applied waveform and the
dosing or treatment regimen applied may be configured so
that at least this pathway is targeted specifically and effec
tively. Furthermore, the stimulation protocol and dosing regi
men may be configured so that the treatment delivery device
may be portable/wearable, lightweight, require low power,
and does not interfere with medical or body support such as
wound dressings, orthopedic and other Surgical fixation
devices, and Surgical interventions.
In some embodiments, a method of treating a subject
includes applying the one or more (or a range of) waveforms
that are needed to target the appropriate pathways in the target
tissue. This determination may be made through calculation
of mathematical models such as those described in U.S.

40

cess described herein can calibrate the device for use near a

containing implant or prosthesis, the device can provide ben
eficial post-operative EMF treatment to patients with metal
prosthetics. For example, patients undergoing joint replace
ment procedures often receive metal-containing implants
Such as knee or shoulder implants. Following the Surgical
procedure, the injured soft tissue around and at the Surgical
site is often in close proximity to the metal implant. As such,
EMF treatment has not been provided to this areas for the

Advantageously, the calibrated devices described can pro
vide immediate treatment following a Surgical procedure. For
example, studies have shown that treatment within the first 90
days following Surgery can greatly promote healing in
patients undergoing implant procedures. Because the devices
provided herein can be used in the presence of a metal pros
thesis, treatment can be provided immediately after the opera
tive event and can continue for up to 90 days or more.
For the treatment itself, the calibrated devices can deliver

50 ohms at 27.120 MHZ.

device.
Once a device has been calibrated for use near a metal

thetic will not interfere with the delivered field. In some cases,

the calibrated applicator achieves this by changing the reac
tance of the applicator Such that the reactance is substantially
purely resistive in the presence of the metal-containing pros

55

60

65

Patent Publication No. 2011-01 12352 filed Jun. 21, 2010 as

U.S. patent application Ser. No. 12/819,956 (herein incorpo
rated by reference) to determine the dosing regimen appro
priate for modulating a molecular pathway (e.g. Ca/CaM
pathway).
For example, as discussed above, it is believed that path
ways involved in the maintenance and repair of tissue include
the Ca/CaM pathway. To modulate this pathway, in some
variations, the electromagnetic fields applied are configured
to comprise bursts of at least one of sinusoidal, rectangular,
chaotic or random wave shapes; burst durationless than about
100 msec, with frequency content less than about 100 MHz at
1 to 100 bursts per second. In other variations, the electro
magnetic fields have a 1 to about a 50 msec burst of radio
frequency sinusoidal waves in the range of about 1 to about
100 MHz, incorporating radio frequencies in the industrial,
scientific, and medical band (ISM), for example 27.12 MHz,
6.78 MHz, or 40.68 MHz, repeating between about 0.1 to
about 10 bursts/sec, with an induced amplitude of 0.001 G to
1 G. In further variations, an electromagnetic field can be
applied that consists of a 2 msec burst of 27.12 MHZ sinusoi
dal waves repeating at 2 Hz. In additional embodiments, an
applied field can consist of a sinusoidal waveform of 27.12
MHz pulse-modulated with 4 msec bursts having amplitude
of 0.001 G to 1 G, and repeating at 2 Hz. In additional
embodiments, electromagnetic fields applied are configured
to have a frequency content in a range of about 0.01 Hz to
about 10,000 MHZ having burst duration from about 0.01 to
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about 100 msec, and having a burst repetition rate from about
0.01 to about 1000 bursts/second.

Alternatively, the carrier signal frequency may be below 1
MHz, such as 100,000 Hz, 10,000 Hz, 100Hz or 1 Hz. In such

variations, the lower carrier signal frequency requires longer
burst duration, e.g. 500 msec for 100 Hz, carrier frequency,
and higher amplitude of between about 0.1 G and 100 G.
Electromagnetic signals can be applied manually or auto
matically through application devices to provide a range of
electromagnetic fields, treatment ranges and doses. For
example, treatment can be applied for 15 minutes, 30 min
utes, 60 minutes, etc. as needed for treatment. Electromag
netic signals can also be applied for repeated durations such
as for 15 minutes every 2 hours. Treatment duration can also
span minutes, days, weeks, etc. Although any amount of time
for treatment can be provided depending on the needs of the
patient, in Some embodiments, the electromagnetic field is
applied to the target location for twenty minutes every four
hours. In other embodiments, the electromagnetic field is
applied for five minutes every twenty minutes. In further
embodiments, the electromagnetic field is applied for fifteen
minutes every hour and forty-five minutes.
Furthermore, treatment can be provided for a therapeutic
period of time. As used herein, the term therapeutic period is
not limiting to any specific treatment regimen, but rather
describes at least the total treatment period and treatment
period per each treatment cycle. For example, a field may be
applied for 15 minutes every 2 hours continuously until levels
of tissue edema or pain decrease to acceptable levels. The
therapeutic period would include at least the treatment inter
val, any inter-treatment interval, and the total treatment dura
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The treatment devices can also provide a time varying
magnetic field (for example, peak=0.001 G to 100 G. Aver

(for example average=0.1V/m to 100V/m) in the tissue target.
Moreover, each signal burst envelope may be a random func
tion providing a means to accommodate different electro
magnetic characteristics of target tissue. Similarly, the num
ber of treatments and the dose regime may vary depending on
the progress of the target location.
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In addition to the above, other embodiments described

provide for easy-to-wear, adjustable, and durable EMF deliv
ery devices that can be worn without affecting the effective
ness of the EMF treatment. Oftentimes, patients recovering
from Surgery have reduced mobility which may require
patients to stay in certain positions for prolonged periods of
time. Furthermore, as recovery progresses patients may
undergo physical therapy that requires repetitive movement
to regain body function. In such cases, use of EMF delivery
devices has often been difficult because the applicators of
devices can be bent, deformed, or broken when patients try to
use the treatment devices while confined to certain positions
or while moving. Once the applicator is deformed or broken,
the treatment device no longer reliably provides the required
electromagnetic field to the target location.
To address this challenge, described herein are embodi
ments of EMF delivery devices that can be adjusted to be
worn or placed near a target treatment location such as an
operation site while accommodating the patient’s need for
flexibility and comfort. Moreover, other embodiments also
provide for wearable EMF delivery devices with support
members to maintain the integrity of the delivered electro
magnetic fields during use.
FIGS. 13-32 illustrate examples of a wearable and adjust
able electromagnetic treatment device designed to maintain
the integrity of the delivered EMF. As shown, the device 100

device 100. The EMF treatment device 100 has an EMF

applicator assembly 300 (not shown in FIG. 13) that is placed
within the stiffening member 102 and housing of the device
100. In some variations, the stiffening member 102 includes
strap attaching elements 104 that allow for adjustable straps
to be releasably attached to the device 100. Additionally, the
device 100 can include a power source such as a replaceable
battery pack 114 and user display screen 112. In some varia
tions, the user display also includes user interface compo
nents such as buttons for entering preferences and toggling
between options. FIG. 14 provides a bottom view of the same
device 100 in FIG. 13. In some embodiments, the device 100

tion.

age=10G to 10° G) to induce a time varying electric field

18
generally has an EMF applicator assembly 300 (see FIG. 20)
having a control circuit 304 and an applicator 302. The appli
cator may be in the shape of a loop that is made from a flexible
metal wire or coil. In some variations the coil or loop is
between about 4 inches to about 11 inches. Generally, the
device 100 has a stiffening or supporting member 102 that
maintains the shape of the applicator loop and, thereby, main
tains the integrity of the generated electromagnetic field.
FIG. 13 shows a top view of one embodiment of the EMF

may also include a bottom cover 400.
To resiliently maintain the shape of an applicator and, in
particular, the flexible metal applicator loop, a stiffening or
support member 102 can be used to prevent bending and
breaking of the applicator. For example, FIG. 15 shows a
stiffening member 102 having a generally rounded shape for
accommodating the rounded shape of an applicator coil.
Although FIG. 15 provides a bent oval shape, any support
member 102 for maintaining the shape of the applicator loop
may be used depending on the shape of the applicator loop.
The stiffening member can include a groove or a receiving
indentation 122 along a surface of the stiffening member to
accommodate placement of the applicator loop in the stiffen
ing member (see FIG. 17). In some embodiments where the
applicator loop is a flexible metal wire or coil, the stiffening
member 102 may include a groove 122 on a bottom surface of
the stiffening member that is sufficiently deep enough for the
applicator loop to rest completely in the groove 122. In other
variations, the applicator loop may partially reside in the
receiving indentation or groove 122.
In some embodiments, the stiffening member is made of a
molded foam material with sufficient resistance to deforma
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tion and bending to resiliently maintain the shape of the
applicator. The molded foam material may be a polyolefin or
an ethylene-vinyl-acetate (EVA) foam, or foam made from
a combination of EVA and polyolefin. Moreover, any variety
of foams suitable for maintaining the shape of the applicator
can be used. In other embodiments, the stiffening member
may be made from a plastic that is suitable for providing
structural Support to the applicator. In further variations, the
stiffening member can have a durometer of 70 asker C, den

sity of 400kg/m, tensile strength of 38 Kg/cm, tear strength
of 22 kg/cm, and an elongation of 250%.
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Additionally, the stiffening member 102 may have an
enclosed or open structure. For example, in FIG. 15, the
stiffening member 102 provides for a gap between the ends of
the member to accommodate additional components of
device 100. In other embodiments, the stiffening member
may be completely enclosed and attached to circuitry through
additional electrical connections. Where the stiffening mem
ber has a gap for additional components, the open portion
may include connecting mechanisms to couple the stiffening
member to other components. For example, the open portion
may include a locking mechanism such as one with mating
members, an interference fit, etc. designed to couple to a
corresponding lock element. FIG. 15 shows a locking mecha
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nism with protruding members 116 designed to releasably
secure the stiffening member 102 to a housing top 106.
Housing top 106, shown in FIG. 16, may include a user
interface display screen 112, buttons 110, and a section 108
for receiving a power Supply source Such as a battery pack.
Although shown with these features, the housing top may
include additional or fewer subcomponents. In FIG. 16, the
housing top 106 has a receiving section 108 for releasably
attaching a battery pack. The battery pack may be replaceable
or rechargeable, which would require removal from the hous
ing top 106 once charge is depleted. The receiving section 108
may also include a locking mechanism 103 for releasably
securing the power source Supply to the housing top 106. In
Some embodiments, the receiving section 108 includes a con
nection port 101 to accommodate electrical connections
between the power Supply and other components of device

20
In some embodiments, a removable power Source is releas
ably connected to the device 100. FIGS.25 and 26 provide an
example of a replaceable battery pack 200 that can be used to
provide power to the device 100. The replaceable battery pack
200 may include housing components such as a top housing
202 and a bottom housing 204. The housing can contain a
circuit board 210 configured to couple to a battery or batteries
206. As shown in FIG. 25, the batteries 206 mounted onto the
10

15

circuit board 210 are two CR2032 coil cell batteries. How

ever, any variety or type of batteries may be used as needed.
Additionally, the power Source may provide powerfor a range
of duration. In some cases, a disposable unit may only need
powerfor a span of days. In Such cases, the power source may
not be replaceable and is integrated with the control circuit of
the device 100. In other embodiments, the device 100 may
need to run for longer and a replaceable power Source sepa

1OO.

rate from the control circuit of the device 100 allows for

FIGS. 17 and 18 illustrate the attachment of the housing top
106 to the stiffening member 102. In the embodiment shown,
the stiffening member 102 has a groove 122 for receiving an
applicator loop on a bottom surface 107. The groove 122
extends along a circumference of the stiffening member from
end to end. At the open portion of the stiffening member 102,
the housing top 106 is configured to couple to the locking
mechanism 116 of the stiffening member 102. The housing
top 106 can include mating locking components 118 to
couple the housing top 106 to the stiffening member 102.
FIGS. 19A and 19B provide a side view of the housing top
106 attaching to the stiffening member 102. In some cases,
the housing top 106 may include additional locking features
120 for attachment to other device components.
FIGS. 20A and 20B show the placement of the EMF appli
cator assembly 300 into the stiffening member 102 and hous
ing top 106. The EMF applicator assembly 300 may include
an applicator loop made from a flexible metal coil 302. Addi
tionally, the assembly 300 may have a circuit board 304 with
a control circuit or tuning circuit programmed to deliver an
electromagnetic signal to the applicator loop 302. The circuit
board 304 may also have circuitry designed to calibrate the
applicator for use in proximity to a metal-containing prosthe
sis. Additionally, the circuit board 304 can include electrical
connections 109 to electrically and physically connect to
another device component such as a power Source.
To couple the EMF applicator assembly 300 to the stiffen
ing member 102, the applicator loop 302 is placed into the
groove 122 of the stiffening member 102. The circuit board
304 is placed into the housing top 106. FIGS. 21A and 21B
show a side view of the EMF applicator assembly 300 being
placed into the stiffening member 102 and the housing top

replacement of a depleted power Source and continued use of
the device. The replaceable power source may be a packet of
battery packs for substitution into the device 100 once the
attached pack is depleted. Alternatively, the replaceable
power source may be a rechargeable battery pack that
detaches from the device 100 to charge when not in use. The
type of power Supply source can be selected based on the
desired treatment. For example, in some cases, running the
device 100 for about 20 days to deliver treatment every fifteen
minutes every hour and forty-five minutes may require a
power supply that provides an output of 6 volt DC and 620
mA current capacity (which can be provided by two CR2032
cell batteries).
Additionally, a battery pack 200 may include an electrical
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interface 212 for connection to the control circuit or circuit
35

board 304 of the EMF applicator assembly. The battery pack
may further include an opening 214 to allow electrical con
nection between the electrical interface 212 and a connection
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component 109 of the circuit board 304. To attach the power
source to the device 100, the device 100 may have a receiving
portion 108 such as on the housing top 106 designed to
releasably engage the battery pack housing.
In further embodiments, the battery pack can include a
memory chip 216 that can store battery use data. The memory
chip 216 may also include identifying information to prevent
after-market sale of battery packs. The memory chip can also
be configured to store treatment information Such as treat
ment regimens that will be or have been provided by the
device 100. A maximum limit for the number of treatments a

battery pack can provide can also be stored on the memory
chip 216.
50

In additional embodiments, the device 100 includes a bot

106.

tom cover 400, shown in FIGS. 27 and 28, to be placed against

In further embodiments, the device 100 may include a
housing bottom 124 designed to engage the housing top 106
and stiffening member 102 to provide a back cover to the
housing top 106. FIGS. 22 and 23A-23B illustrate an embodi
ment of the treatment device 100 where the housing bottom
124 contains a back plate 125, a spacer 127, and attachment
components 123,126. The spacer 127 may be used to provide
suitable space between the back plate 124 and the circuit
board 304. The back plate 124 may also have attachment
components 126 that engage with locking features 120 of the
housing top 106. The attachment components may include
components such as screws to attach the back plate 124 to the
housing top 106. Additional attachment components such as
mating grooves 123 may also be available to interface with
the housing top 106 as needed. FIG. 24 shows the device 100
with the back plate 124 attached to the device 100.

the bottom surface of the device. The bottom cover 400 can
55
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cover the EMF applicator assembly 300 and the back plate
124. In embodiments where the applicator coil 102 rests in the
groove 122, the bottom cover 400 can be used to further
secure and protect the applicator coil 102 from deformation
and breakage.
The device 100 may also include strap attaching elements
104 that allow for the device 100 to be adjustably worn by the
subject. FIG. 27 shows the strap attaching elements 104 as
eyelets through which wearable straps can be inserted and
attached to the device. In some variations, the bottom cover
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400 may also include strap attaching elements that may over
lap with existing eyelets on the stiffening member. Although
shown as an eyelet configured for insertion of a strap, the strap
attaching element 104 can be any number or combination of
attaching elements known in the art. For example, the straps

US 8,343,027 B1
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may be attached to the device by use of a mated attachment
mechanisms such as male and female buttons or clips or hook
and loop.
FIG. 29 provides an example of the device 100 with adjust
able straps 500 attached to device 504. Device 504 has a
stiffening member 502 containing the applicator loop. The
device 504 also includes eyelets 501 to accommodate adjust
able straps 500. Additionally, the straps are designed to
adjustably secure the device 504 to a leg portion of the subject
Such that the applicator loop Surrounds the knee. Alterna
tively, the device 504 can be worn on the shoulder, shown in
FIG. 30. The device 504 is worn on the upper arm of the
subject with the stiffening member 502 surrounding the
shoulder. The straps 500 are attached to eyelets 501 of the
device 500 such that the subject can adjustably wear the
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What is claimed is:
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device 504.

In additional embodiments, the device 100 can include user

2. The control circuit of claim 1, wherein the control circuit

interface programming to provide subjects with treatment
options and information about the device 100. For example,
the device 100 may include a display screen 112 and input
buttons 110. The device 100 may be programmed to notify the
user on device information such as whether the device is

active, duration of a treatment period, the time remaining for
a treatment period, the duration of an inter-treatment period (a
non-treatment period between treatment periods), remaining
battery life, and whether the device is in automatic or manual
operation mode. In further variations, the user interface pro
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the user that the device is active.

In further embodiments, the device 100 may be configured
to operate in an automatic or manual mode. In the automatic
mode, the device can provide pre-programmed treatment to
the user. In the manual mode, the user can activate the device

35

for a desired period of time or select between pre-pro
grammed treatment options. Moreover, the device 100 may
include a memory storage component to store the user's treat
ment data. This data may be stored on the device directly or
communicated to another device Such as computer, Smart
phone, printer, or other medical equipment/device.
As for additional details pertinent to the present invention,
materials and manufacturing techniques may be employed as

40

within the level of those with skill in the relevantart. The same

45

may hold true with respect to method-based aspects of the
invention in terms of additional acts commonly or logically
employed. Also, it is contemplated that any optional feature
of the inventive variations described may be set forth and
claimed independently, or in combination with any one or
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ment is intended to serve as antecedent basis for use of Such
60

“negative limitation. Unless defined otherwise herein, all
technical and Scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. The breadth of the
present invention is not to be limited by the subject specifi
cation, but rather only by the plain meaning of the claim terms
employed.

7. The electromagnetic treatment device of claim 6,
wherein the series capacitor and the parallel capacitor are
configured to adjust the reactance of the applicator Such that
the reactance of the applicator is Substantially purely resis
tive.

exclusive terminology as “solely.” “only' and the like in
connection with the recitation of claim elements, or use of a

4. The electromagnetic treatment device of claim 1,
wherein the tuning circuit is coupled to the applicator and
comprises, a resistor, an adjustable series capacitor, and an
adjustable parallel capacitor.
5. The electromagnetic treatment device of claim 1,
wherein the applicator comprises a loop applicator.
6. An electromagnetic treatment device comprising:
a control circuit configured to generate an electromagnetic
signal;
an applicator configured to generate a calibrated electro
magnetic field; and
a tuning circuit connected to the applicator, wherein the
tuning circuit is configured to Substantially eliminate an
inductive component of reactance and a capacitance
component of reactance of the applicator when the
applicator is positioned near a metal-containing implant
wherein the tuning circuit comprises a resistor, an adjust
able series capacitor, and an adjustable parallel capaci
tOr.

more of the features described herein. Likewise, reference to

a singular item, includes the possibility that there are plural of
the same items present. More specifically, as used herein and
in the appended claims, the singular forms “a,” “and,” “said.”
and “the include plural referents unless the context clearly
dictates otherwise. It is further noted that the claims may be
drafted to exclude any optional element. As such, this state

is configured to provide an electromagnetic signal to the
applicator to induce an electric field of peak amplitude
between about 1 uV/m and about 100V/m in the target tissue
and a peak induced magnetic field between about 1 LT and
about 0.1 T, wherein the signal generated by the control
circuit comprises a burst of waveforms having a burst dura
tion of greater than 50 usec and a burst repetition rate of about
0.01 to about 1000 bursts per second.
3. The electromagnetic treatment device of claim 1,
wherein the tuning circuit comprises an impedance value of
about 50 ohms at 27.120 MHZ.

vides audio indications of device or treatment information.

For example, the device 100 may use sound alerts to inform

1. An electromagnetic treatment device for treating living
tissue, wherein the device is compatible with a metal-contain
ing implant or prosthesis, the device comprising:
a control circuit configured to generate an electromagnetic
signal;
an applicator configured to deliver a calibrated time-vary
ing magnetic field, the applicator calibrated to have Sub
stantially no inductive reactance and Substantially no
capacitance reactance when delivering the magnetic
field in proximity to the metal-containing implant or
prosthesis; and
a tuning circuit comprising a resistor and an adjustable
capacitor, wherein the tuning circuit is configured to
calibrate the applicator to Substantially eliminate an
inductive component of reactance and a capacitive com
ponent of reactance of the applicator.
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8. An electromagnetic treatment device comprising:
an electromagnetic treatment device configured to provide
an electromagnetic field to a target treatment location
containing a metal-containing implant or prosthesis, the
electromagnetic treatment device having an applicator
and an adjustable circuit configured to correct electro
magnetic interference caused by the metal-containing
implant or prosthesis by reducing or eliminating an
inductive component and a capacitance component of
the applicator's reactance when the applicatoris in proX
imity to the metal-containing implant or prosthesis,
wherein the circuit further comprises an adjustable
series capacitance and an adjustable parallel capacitance
connected to the applicator.
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9. The electromagnetic treatment device of claim 8.
wherein the reactance is Substantially purely resistive.
10. The electromagnetic treatment device of claim 8 further comprising a stiffening member configured to maintain
the shape of the applicator.
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11. The electromagnetic treatment device of claim 8
wherein the applicator comprises an applicator loop compris
ing a flexible metal coil.
k

.

.

.

.

